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ABSTRACT

Massive war pollutants brought by Marawi Siege in the Philippines have contaminated the city environs and
the surrounding ancient Lake Lanao. Munition residues including heavy metals are reportedly genotoxic hence this
study was conducted to determine the post-siege genotoxic hazards posed by the munition pollutants through
micronucleus (MN) assay on the slow-moving edible gastropod snails 17vipara angularis Muller (locally known as
“suso”) thriving in the lake. MN, a biomarker of genotoxicity was examined and counted in the hemocytes of
exposed juvenile and adult snails. Results revealed that MN frequencies (no. of MN/1000 hemocytes) wete
significantly higher in snails sampled in Lake Lanao lakeshores than in the reference site Lake Dapao. Among adult
samples, there was a decreasing trend of MN frequencies with increasing distance from lakeshore fronting warzone
‘ground zero’ where the battle was heaviest (site A) to sampling sites away from it: sites B, C, and D (Lake Dapao)
which are 8.15 km, 24.41 km, and 34.45 km, respectively. Moreover, varied patterns of micronucleation were
observed between age groups and sites, i.e., in all sites except C, adults had greater MN counts than juveniles which
were significant in site A only. It is a generally recognized observation that MN frequency increases with age;
unexpectedly juveniles displayed significantly higher MN counts than adults in site C. The elevated MN frequencies
in the snail hemocytes exposed to war pollution could be attributed to genotoxic munition residues eroded and
washed into the lake water. Moreover, heavy metals which are common components of weaponries were also
detected in the snail muscles, although at concentrations within safe levels but continued consumption may be
cautioned to avoid biomagnification. Other genotoxins must be present in site C other than munition residues
predisposing the juvenile snails. The results are baseline data on the MN frequencies in . angularis exposed to war
pollutants in Lake Lanao which need further investigation.
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INTRODUCTION

The devastating Marawi siege, an armed
conflict that lasted for five months in 2017 was
the longest urban warfare in the Philippines,
polluting the air, soil, and water environment and
destroying  biodiversity. Adding to  the
insurmountable damage are the numerous ill-
health effects that could be suffered by the
inhabitants, especially humans. High-tech
ammunitions utilized both by the terrorist and
the government troops included bombs, mortars,
grenades such as rocket-propelled grenades
(RPG), hand-held, anti-tank grenade launchers,
and the likes aside from the conventional rifles,
improvised explosive devices (IEDs), and carpet,

*Cotresponding author, email: fema.abamo@msumain.edu.ph

and aerial bombs (Kapoor, 2017, Parefio, 2017, &
Miller, 2017). These are depots of toxic pollutants
such as high-melting explosives (HMX),
hexahydro-1,3,5-trinitro-1,3,5- triazine (RDX),
trinitrotoluene (ITNT), and heavy metals with
potential genotoxic threats such as lead (Pb),
arsenic (As), nickel (Ni), copper (Cu) and zinc
(Zn), strontium (Sr), magnesium (Mg), and
barium (Ba), mercury (Hg), cadmium (Cd)
antimony (Sb), iron (Fe) and chromium (Cr)
(IARC 2021, Broomandi e# al. 2020, Skalny e al.
2021, Chatterjee ¢t al. 2017). Known components
of weaponries listed in IARC (2021) are
established mutagens and carcinogens causing
cancers affecting the respiratory tract, liver, bone,
blood, and other parts of the human body. The
magnitude of weaponries used during the siege
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heavily contaminated the city environs and its
surrounding lake with genotoxic pollutants
posing health hazards to the local inhabitants as
well as to the organisms thriving in the second
largest lake in the country and one of the ancient
lakes in the world, that is, Lake Lanao, in the
province of Lanao del Sur (LDS).

Genotoxicity is the ability of chemicals to
damage the genetic information of the cells
thereby resulting in mutations and eventual
carcinogenesis (Seukep e al., 2014). One reliable
method to assess the genotoxic potential of some
substances (such as heavy metals, pesticides
including gamma radiation), is the micronucleus
(MN) assay and it is used in various test
organisms including man, mice, land and aquatic
snails, mussels, and fishes (Silva ez a/. 2011, da
Silva 2013, Bolognesi & Fenech 2012, Gentile ez
al. 2012, Luzhna & Kovalchuk, 2013,
Beedanagari ¢ al. 2014, da Rocha et al. 2016,
Hayashi 2016, El Safty ef o/ 2018, Nikdehghan ez
al. 2018, and de Vasconcelos Lima 2019, Fenech
et al. 2020). The present study made use of the
treshwater gastropods 1Vivipara angularis Muller
(locally known as “suso”) in the MN assays
instead of B. glabrata because they are abundant in
Lake Lanao and utilized as food by the Meranaw
(people of the lake). The strategic use of the snails
in MN assays is anchored on their sedentary
lifestyle crawling on soil and rock substratum.
They use their gills as filter feeding apparatus and
respiratory organs and are the first barrier to
potential contaminants and the ideal target for
genotoxic studies. They are tolerant to heavy
metals and bio-accumulate them (Baroudi ez a/,
2020). Importantly, snails are less mobile
compared to other organisms like fishes, thus
they cannot easily escape from toxic substances
present in their habitat. This study therefore
primarily aimed to estimate the post-siege
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genotoxic hazards posed by munition residues in
the lake through micronucleus assay using the 1.
anglaris Muller thriving in the lake. It also
examined the micronucleation pattern among
exposed snails sampled in Lake LLanao and non-
exposed snails in the reference site, Lake Dapao,
LDS. Factors like the distance of the sampling
sites from the war zone and the age groups of the
sampled snails were considered in the MN assays.

MATERIALS AND METHODS

Study Design and Sampling Sites

Descriptive cross-sectional study design and
the purposive sampling collection (accessibility of
the sites and age groups of snails) were conducted
in assessing the genotoxicity of the war residues
by MN assay in the hemocytes of the exposed
freshwater gastropods 1. angularis of Lake Lanao.
Figure 1 shows the map of the Philippines and
the sampling sites, location coordinates, and the
distance between sites. The first site was the
lakeshore fronting Marawi City marked as ground
zero (Site A) where the battle was fiercest and
where residues of war were substantially
deposited; the second (B) and third (C) sites were
8.15 km and 24.41 km away from site A. These
three sites represent munition residues exposed
sites. Site D is the reference lake (non-exposed
site), Lake Dapao, LDS, 34.45 km from site A.
The coordinates were determined using
Garmin(R), GPSMAP 064x, and the actual sites
were generated by plotting the coordinates
through Google Earth. The distance of the sites
from site A was calculated through Movable Type
Scripts (https:/ /www.movable-type.co.uk/
scripts/latlong.html).
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Test Organisms, Collection, and
Identification

The test organisms were . angularis Muller
(class Gastropoda, phylum Mollusca, Fig. 2)
Color, description, and identification of the snails
were based on the work of Pagulayan & Cepillo
(1991), Moneva ¢t al. (2012), and Torres ¢t al.
(2014). Sub-adult and adult . angularis have 4
whorls with shell colors ranging from dark
greenish brown or greyish yellow. It is striated but
not with a hammer pattern. Immature or juvenile
Vivipara is usually up to 14-16 mm while adult
length ranges from 18-31 mm. The height of the
shell is 25-35 mm. The width of the shell is 20—
26 mm. The shell has 5.5-6 weakly convex

whorls. The last whorl is relatively large
compared to that of other I7vipara species. The
umbilicus is narrow.

Vivipara snails were randomly collected within
100 m along the lakeshores and 5-50 m
perpendicular to the shores. At least 20 juveniles
and 20 adult snails were purposively handpicked,
systematically washed to remove mud, placed
separately in containers with lake water, and
transported to Research Laboratory, Biology
Department, Mindanao State University, Marawi
Campus. They were temporarily kept in the
aerated aquaria with lettuce leaves. Micronucleus
assay proceeded immediately as soon as they were
brought to the laboratory.

mm/in/F

Figure 2 Vivipara angularis Muller snails collected from Lake Lanao (A); adults (B); and juvenile (C) samples
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Micronucleus Assay

Twenty (0n=20) 1. angularis, i.e., ten (n=10)
juvenile and ten (n=10) mature gastropods from
each site, including the reference site, were
randomly selected, and processed for MN assay
following the work of da Silva ez a4/, 2013, de
Vasconcelos Lima, 2019. To collect 0.1 ml of
hemolymph, the operculum of the snail was
gently tapped by a micropipette tip triggering the
snails to retract and release hemolymph. The
hemolymph was smeared into clean slides and
air-dried for 10 min, followed by adding 0.1 ml of
Ringer’s solution, and 0.1 ml of the 10 mM
EDTA solution. The smears were placed in a
moist chamber for 30 min before fixing with
glutaraldehyde for 5 min, rinsed with Ringer’s
solution, stained with Giemsa solution (Giemsa
Set, Medic) for 7 min then finally washed with
distilled water and air-dried. Each slide was
viewed for blind scoring of MN under a phase
contrast microscope (Olympus, CKX53). Blind
scoring was employed. With the help of a hand-
held counter, 1000 hemocytes (cells) were
examined per individual gastropod, such that, (10
adults + 10 juveniles) x 1000 cells = 20,000 cells
were examined per site. Only hemocytes with an
intact nucleus and cellular distinction were
considered and the MN was identified and
counted when its diameter was smaller than one-
third the size of the nucleus, its color and texture
should be similat to that of the nucleus and not
in direct contact with the main nucleus. A digital
camera (XCAM1080PHB, Toup Tek, China) was
used to aid in counting the MN in the monitor
and in taking photomicrographs.

Detection of Heavy Metals in the Snail
Muscles

Muscles from adults and juvenile snails (150 g
x 3 replicates) from each sampling site were
harvested and immediately analyzed for heavy
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metals utilizing atomic absorption
spectrophotometry (AAS) for Cd, Cr, and Pb,
silver diethyldithiocarbamate-colorimetric
(modified) for As and cold vapor AAS for Hg.

Statistical Analysis
The resulting MN frequencies between
exposed and non-exposed sites and between

juvenile and adult samples were analyzed
statistically using Statistical Package for the Social
Sciences (SPSS) for Windows. Using the Shapiro-
Wilks Test, the means of the MN frequencies for
sites and age groups were found not normally
distributed, hence Kruskal-Wallis and the Mann-
Whitney U tests were used to analyze the
differences of the MN frequencies in various sites
and age groups.

RESULTS AND DISCUSSION

Micronucleation by Sampling Sites

Micronucleation (Figure 3) was observed in
the hemocytes of . angularis in all sampling sites.
Table 1 shows the mean frequencies of the MN
per site and the variation was highly significant by
the Kruskal Wallis test, [P=.000, H(3,
N=80)=28.0320]. Indeed, MN frequencies were
significantly higher in Lake Lanao sites compared
to the reference site, Lake Dapao. The highest
mean was recorded in site A, the ground zero
where the encounter was heftiest, and the lowest
in site D, the reference lake. A pairwise
comparison of the mean ranks by the Mann-
Whitney U test illustrated that site A was
significantly higher than other sites (P<0.5)
except for site C (P=0.37346). Conversely, the
reference site was significantly lower than the rest
of the sites (P<.05).
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Juvenile Adult

Figure 3A-B Photomicrographs of /. angularis hemocytes showing micronuclei (yellow arrows) in adult and juvenile
samples. C, hemocytes without micronuclei are shown in C. Scale bars, 5pm

Table 1 MN frequencies in the hemocytes of adult and juvenile 1. angularis sampled from the different sites in Lake
Lanao and in Lake, Dapao, Philippines

o MN frequency* Mean SD
Sampling Sites - -

Juvenile Adult Total Juvenile Adult Total
Site A 3.6 10 6.8 1.776 6.6 5.736
Site B 2.4 2.4 2.4 2.319 1.506 1.903
Site C 6.8 3.1 4.95 3.938 2.885 3.859
Site D 1.5 0.8 1.15 1.65 0.422 1.226
Total 3.58 4.08 3.82 3.21 5.025 4.197

*Frequency values (MN observed per 1000 hemocytes)
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Spontaneous micronuclei formation
happen in any eukaryotic cell as it divides. It is
often brought about by a broken chromosome
fragment or rarely an entire chromosome that
lags and remains outside the nucleus after cell
division (Beedanagari ¢f a/. 2014). These are extra-
bodies  that damaged

chromosome fragments or whole chromosomes

can

nuclear contain
that are not incorporated into the nucleus after
cell division (Luzhna & Kovalchuk 2013). It can
be induced by defects in the cell repair machinery
and accumulation of DNA damages
chromosomal aberrations. This explains why MN

and

was also observed in the reference lake although
the count was significantly lower than the
exposed sites.

As mentioned earlier, MN frequencies were
shown to increase in cells of various organisms
that were exposed to carcinogens and genotoxins,
thus, MN assay is one of the most widely used
genotoxicity biomarkers, providing an efficient
measure of chromosomal DNA damage. The
elevated MN counts in site A could be attributed
to genotoxic chemicals most probably from war
pollutants washed into the lake water where the
snail samples were thriving. It must be noted that
site A is fronting “ground zero” in Marawi where
IARC (2021)
provided a list of eroded components of

the encounter was densest.
munitions that are carcinogenic including heavy
metals, such as As, Hg, Cd, Cr, and Pb. These
heavy metals were detected in the muscle tissues
of 1. angularis from sampling sites (Table 6), and
Jalova et al. (2021) also reported heavy metals in

commonly consumed fishes sampled from Lake

Lanao, though the levels detected were mostly
lower than the standard limits (WHO/FAO
2010, 2011, Factor e al. 2012, Perelonia et al.
2017, and Gbogbo ez al. 2017).

A closer look at Table 2 revealed that a higher
concentration of Ar, (0.27 mg/L) from snail
muscles was detected in site A, which was higher
than the national acceptable limit in drinking
water set at 0.010 mg/L, although the safe limit
for mollusk as Img/kg.
Nevertheless, this detection may call for some

food is set at

concerns due to the continued consumption of
the snails by the locals because this trace metal,
aside from being highly toxic and carcinogenic
(Apostol et al. 2022), can biomagnify along with
other toxic pollutants, that is, to increase in
concentration in the living organisms successively
at higher levels in the food chain (Hepp 2017).

The study by Sanderson ez al., (2017), reported
that HMX and trace levels of RDX explosives
compounds were found in the fiddler crabs from
the live impact area (LLIA) in the island of Vieques
in Puerto Rico which also recorded higher levels
of some metals such as arsenic. Moreover, the
study by Dong ef al. (2019) also published that
arsenic-exposed human populations through
drinking contaminated water had increased
micronucleus formation from the buccal cells,
lymphocytes, and wurothelial cell samples.
Moreover, Gbogbo ¢z al. (2017) detected levels of
arsenic in freshwater fish and shellfish from 0.2
to 2.2 mg/L in Ghana rivers and recommended
in their study that the maximum quantities of the
organisms considered safe for consumption
ranged from 375 to 5250 g per week.

Table 2 Mean concentration of As, Cd, Ct, Pb, Hg (mg/L) detected in muscle tissues of 1. angularis collected from the

different sampling sites

Sampling Heavy Metals (mg/L)
Sites Arsenic (As) Mercury (Hg) Cadmium (Cd) Chromium (Cr) Lead (Pb)
Site A 0.27 <0.01* < 0.025% < 0.025% 0.350
Site B < 0.025% <0.01% < 0.025% 0.893 0.647
Site C < 0.025% <0.01% < 0.025% 0.92 0.507
Site D < 0.025% <0.01% < 0.025% < 0.025% 0.54

*Machine reporting limit

258



Post-Siege Genotoxic Hazards in Lake Lanao, Philippines — Abamo ez 4/.

Micronucleation by age groups and

increasing distance from ground zero

Figure 1 shows the relative distance of the
sampling sites from site A where the fiercest fight
occurred. Looking at Figure 4, adult snails
obviously displayed a decreasing trend of MN
frequencies with increasing distance from site A
but not among the juvenile samples. Comparing
the MN counts between age groups, it is clearly
seen that the exposed adults in site A marked
significantly high MN frequencies compared to
their juvenile counterparts (Table 3). These

results implied that the genotoxic contaminants
in these sites affected the adult snails more than
the juvenile samples. It makes sense knowing that
the average life expectancy of freshwater snails is
3 to 5 years (https://foliargarden.com/ life-
expectancy-of-a-freshwater-snail/), and some of
the adult samples must have already been at the
site during the siege and thus were the most
exposed to war pollutants at the highest
magnitude which may have resulted in DNA
damage as indicated by higher MN frequency
compared to the juveniles.

Estimated Marginal Means of MN_count
10 Age
\ — Juvenile

w8 \ — Adult
[~
i}
1]
=
E 6
o
=
=
3 -
s
E
7]
W

0-
Sites A B C D

Figure 4 Profile plots of the estimated marginal means of MN frequencies in different sites and age groups showing a
downward trend among adults from sites A, and B to D, except in site C which showed an unexpected increase

Table 3 Pairwise comparison of MN frequencies between age groups at different sites by Mann-Whitney U

Comparison of MN frequencies between juvenile and adult

Sites
Sig. level Remarks
Site A 0.011 Significantly different (adult has higher count)
Site B 0.853 Not significantly different
Site C 0.023 Significantly different (adult has lower count)
Site D 0.579 Not significantly different
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On the other hand, in site C, which is 24.41
km away from site A, a different MN pattern was
observed wherein juveniles displayed higher MN
than adults. These
unexpectedly alarming and need further studies.
This must be attributed to some genotoxic
substances other than the munition residues due

counts results were

to war which particularly predisposed the young
snails. One possible explanation is the nearby
brassware industry which utilizes brass, a metal
alloy primarily composed of Cu and Zn. Copper
alloy with a higher amount of Cu is known to
cause ‘contact killing’, possibly via redox cycling
and production of reactive oxygen species (ROS)
groups that can cause lethal damage to cell
membranes and oxidative damage to DNA
(Grass et al. 2011 and Bille ez 2/ 2013). DNA has
a higher affinity to Cu2+ which may affect the
integrity of DNA and the normal process of
DNA replication and transcription
(Govindarajua ¢ al. 2013) and consequently
micronucleus (Nikdehghan ez 4l
2018)Substantial evidence has shown the possible
genotoxicity of Cu and Zn in aquatic organisms.
Moreover, looking back at Table 2, Cr was
detected highest in site C although it was closely
followed by site B. The study by El Safty e /.
(2018) demonstrated that Cr- and Ni-exposed
workers of the electroplating industry had

formation

increased MN signifying cytogenetic damage
caused by these heavy metals.

The observed MN frequencies in this study
are comparable to the works of Silva ez a/. (2011)
and de Vasconcelos Lima (2019) who tested the
genotoxicity of gamma radiation and heavy
metals and domestic sewage sludge, respectively
against freshwater snails B. glabrata using the MN
assay. The assay was also utilized by da Silva e a/.
(2013) when they tested tobacco leaves in the
land snails Helix aspersa. Their results considered
MN assays as a reliable parameter to measure
genotoxic hazards in the environment using
snails. Although the MN frequencies in the
present study are baseline data to approximate
genotoxicity in the munition-laden Lake Lanao
using . Angularis. Further studies must be
conducted to verify the genotoxic chemicals in
crucial sites.
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CONCLUSION

Post-siege genotoxic hazard in Lake Lanao,
LDS, Philippines brought by Marawi Siege in
2017 was assessed through MN assay using V.
angularis snails sampled from different sites in
Lake Lanao and in the reference site Lake Dapao.
Results demonstrated a higher MN frequency in
snails sampled from munition-exposed sites in
Lake Lanao lakeshores than in the reference site,
Lake Dapao. Among the adult samples, there was
a decreasing trend of MN frequencies with
increasing distance from lake shore fronting
ground zero at Marawi City where the siege was
heaviest. A remarkable difference was also found
in the MN frequency patterns between the age
groups. In all sites, except site C, adults had
higher MN frequencies than juveniles and the
difference was significant in site A. Moreover, it
is generally accepted that MN frequency increases
with age, but unexpectedly, MN frequencies were
significantly higher among the juvenile samples
than adult samples in site C. The post-siege
genotoxic hazards possibly posed by the war
pollutants in ILake Ianao near ground zero
cannot be ovetrlooked. Local leaders must be
informed of the results for possible interventions
to protect the health and well-being of the
populace around Marawi and Lake Lanao.
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